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Abstract 
The study investigate the conceptual understanding graduate students' teachers have about foundational domains of scientific 
knowledge and the appropriate instructional strategy to develop an accurate conceptual understanding. The participants consisted 
of sixteen graduate students tested in their understanding for scientific concepts before and after instructions. Students journals 
show that it is important to: address and challenge students theory regarding Newtonian laws; to form coherent mental 
macroscopic dynamic imaginative picture regarding electricity, magnetisms, gravity, light, sound, heat, pressure and the 
particulate nature of matter; to elect the revolutionary type of knowledge and present them  in linear hierarchical way  regarding 
biological concepts. This show that different domains of scientific knowledge needs different instructional approaches  
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Introduction 
Educational psychologists; Brown, et., al, 1982 indicate that the criteria for acquiring meta-cognitive skills, in which students 
become aware of  the way their conceptual understanding being developed, is their ability to transfer  the reasoning in one 
particular domain of scientific knowledge into other domains.. 
  Educational psychologists and science educators have various approaches to allow such acquiring of meta- cognitive skills; 
Carey, 1984, Novak, 1987 consider that  identifying the different restructuring structures that scientific concepts pass through 
different stages in history of science would be of great help in making similar restructuring on the part of students.  Pocovi' 
(2007), Gomez, Benarroch, & Marin (2006) show that students' alternative conceptions about revolutionary type of science 
are characterized by having a high degree of coherency; these findings give a strong evidence that facing alternative 
conceptions in the revolutionary type of science would be of great help for conceptual change on the part of students. 
   Posner, Strike, Hewson, and Gertzog, (1982) had suggested cognitive conflict strategies by engaging students in Socratic 
type dialectic dialogue to  restructure their theory regarding the different question that had been addressed in revolutionary 
type of science. diSessa  (1993)  demonstrate the importance of using such epistemological approach to change students’ 
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intuitive naïve ideas regarding the fundamental  question that had been addressed regarding mechanics phenomena 
 However,  El-Kilani, Doulat, & Wreikat, 2009, show that such approach did not work for biological concepts, still,  their study 
show, that presenting the revolutionary type of knowledge  in hierarchical systematic way was effective in this regard. 
 On the other hand, El-Kilani, S, Doulat, A., & Alwraikat, M (2012) 2012, Staver &Lumpe (1993), Johnstone (1993) shumba 
and Glass (1994) used a method that depends upon transferring the cognitive’ structure of students from concrete operational 
level into formal operational comprehensive one, through the combination of  macroscopic particulate and analogy mode; 
such method show a good impact on changing students understanding regarding  the particulate nature of matter. Trumper, 
2006 show that elementary and high school teachers have misconceptions regarding seasonal changes and sun-Earth- moon 
relative movement that could be handled through making students aware of their misconceptions about such phenomena, and 
forming the correct one through engaging students in constructivists acties. 
In the same way,  Jacobson,, & Archodidou,  2000, considered that designing visual –rich learning environment that includes 
imagistic simulations had a good impact in allowing forming mental images, visible thinking and explicit concrete structure 
of knowledge about scientific phenomena 
The problem  
The theoretical background show that achieving the fundamental goal of science education about learning effectiveness could not 
be reached unless students acquired the meta cognitive skills; these skills could not be acquired unless students get red from 
their misconception regarding revolutionary type  of scientific knowledge  
The theoretical background show that a lot of researches had been done to elect the best instructional method to be used in 
constructing an acceptable scientific concepts regarding revolutionary type of scientific knowledge in various  domains, 
however, there was no sharp specification for the best approach to be used in every specific domain. 
The study aimed to investigate the conceptual structure graduate students' teachers has regarding foundational domains of 
knowledge in chemistry, physics, biology and astronomy; and the appropriate instructional strategy for developing the correct 
scientific concept in every specific domain. 
Methodology 
The sample and data analysis The participants were consisted of sixteen graduate students in science education program. They 
were tested in their understanding of revolutionary type of scientific knowledge before and after instructions.  
Autobiographical research methods had been used to investigate and describe participants' conceptual understanding over time. 
Students were asked to write journals to show the way of changing their understandings before and after instructions.  
Patterns and themes about their awareness and declarative knowledge regarding the way of changing their understanding 
were identified through constant –comparative data analysis. 
The intervention. The intervention tried to change graduate science education conceptions regarding: 
A. The revolutionary type of physical knowledge regarding Newtonian mechanics, gravity, electricity, light and sound. 
B. The revolutionary type of physical chemistry’ knowledge regarding particulate nature of matter, heat, pressure, and the 
structure of atom. 
 C. Astronomy’ concepts regarding  moon and sun rotation.  
D.  The  revolutionary type of biological concepts regarding the original source of organic material, respiratory, digestive, 
circular, reproductive, nervous, and ecosystem.  
  Various instructional activities had been used to change graduate science education conceptions by 
1- Addressing students' intuitive primitive spontaneous explanation about scientific phenomena that is usually conflict with 
scientific theory, and challenge their misconception using Socratic type dialogue.  
  2- Designing visual three dimensional dynamic pictures that take into account space place and time in order to form mental 
scientific  images. 
3- Representing scientific problems using observable concrete forms of representation.  
4-  Linking and reducing the wide range of scientific phenomena, using  history of science to guide the election of  the 
revolutionary type of knowledge that directed the investigations in the complex domains of scientific knowledge, let students 
aware of their misconceptions regarding them, and then present the correct scientific idea in a linear systematic hierarchical 
way. 
The result 
  Analysis of students answers before and after instructions showed that students had a great improvements in  their  scientific 
understanding by intervention.  
Their  explanation in their journal about the way of  changing their concepts by instruction in various domains of knowledge, 
show these  patterns: 
A. Students declared that addressing the fundamental question that had been asked regarding scientific phenomena 
in revolutionary type of knowledge was very important to destabilize their  naïve theory . 
B. Students declared that their alternative conceptions about mechanics phenomena were resistance to change 
unless they were directly addressed and challenged through Socratic type dialogue. The main non- Newtonian 
trend in their thinking about dynamics concepts was their misconception that constant motion always implies the 
presence of constant “force", linking constant force to constant velocity.  
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C. Students declared that using imaginary three dimensional dynamic picture, that takes into account space, place 
and time in instruction, was very important in restructuring their conceptual understanding  regarding astronomy  
concepts, such  as seasonal changes, Sun-Earth-Moon relative movements, Moon phases,, and  Sun and Moon 
eclipses; the main misconceptions for students was their misrepresentation of  moon position at  various period  
of lunar month, and misunderstanding for the rule that earth rotation around its axes play in seasonal change  
(they recite the statement without being able to make concrete representation). 
D.  Students declared that forming coherent mental, macroscopic, dynamic imaginative picture was important in 
restructuring their theory regarding; gravity, electricity, pressure, heat, light, sound, and the particulate nature of 
matter, e.g. observing the variance of effectiveness of magnetic field on iron material depending upon the 
variance of mass and distance was effective metaphor in understanding the gravity; representing the particulate 
nature of matter  using dynamic macroscopic model was very important in restructuring their theory regarding 
the concept of mole, change of state of matter, pressure and heat. The main misconception that students have 
was their imagination of the universe as a subtle  material without vacuum; such idea affects their understanding 
of gravity, heat pressure, light, change of state of matter and atoms.  
E. Students declared that their awareness of the original source of organic matter (a fundamental question in the 
history of biology), while linking this concept to its the relative domains-  as respiration, digestion, biochemical 
activity of the cell in linear narrative systematic way was essential to form a unified coherent comprehensive 
theory regarding biological concept , their main misconception was having naïve vital theory  that forming and 
execution  of organic material does not comply  to  natural science rules. 
 
  Conclusion 
 The result of the study show that the effectiveness of learning  could not be  achieved using one unique strategy. 
  Students' journals gave such suggestion for  instructional designers that could be used for  various domains of knowledge  :  
1- Addressing the difference between the constant force and the constant velocity using Socratic type dialogue, was very 
important for understanding Newtonian laws; this conclusion agree with the work of diSessa, 1993.  
 2- Using imaginary three dimensional dynamic picture that involves space, place, and time was important in developing an 
accurate scientific theory regarding astronomy concepts, this  finding agrees with the work of Trumper, 2006.  
3- Forming coherent mental macroscopic dynamic imaginative picture was important in developing an accurate scientific theory 
regarding  natural science concepts as electricity, magnetisms, gravity, light, sound, heat, pressure  and the particulate nature of 
matter; this finding agrees with the works of  of El- Kilani, 2012, Staver &Lumpe (1993), Johnstone (1993) and Jacobson , 
Jacobson,, &Archodidou 2000. 
 4- Using history of science to guide the election of revolutionary type of  knowledge, while present the correct relative ideas in  
linear systematic hierarchical way  was important in developing an accurate scientific theory regarding biological concepts. This 
finding agrees with the work of El-Kilani, Doulat, & Wreika, 2009. 
This assertion that teachers could not depend upon one unique instructional strategy for various domains of knowledge, 
is similar to an earlier assertion by Schwab, 1962,  regarding curriculum development. 
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